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A method is disclosed for increasing the methane recovery rate through a wcllborc which penetrates a coa] seam The invention 
utilizes the caviiation of the coal seam surrounding the weUbore after a substantial pcrcenuge of the original methanc-in-piace which Is 
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METHOD FOR ENHANCED RBCOVERY OF COAL BED METHANE 

5 

FIFinOFTHF IMVgl^N 
Th9 present invention relates to methods for increasing the methane 
recovery rate from a coal seam. More specifically, the present invention relates to 
1 0 methods which utilize the stimulation of a ooal saam from which a substantial 
percentage of the original methana-in-ptace available to the weUbore has been 
recovered. 

BACKQRQUND OF THE INVENTION 

1 5 Coai seams contain significant quantities of natural gas. This natural gas is 

composed primarily of methane. The rate of recovery of methane from coal 
seams typically depends on the rate at which gas can flow through the coai seam 
to a production well. The gas flow rate through a coal seam is affected by many 
factors ir)duding the matrix porosity of the coal, the permeat>ility of the coal seam, 

2 0 the extent of the fracture system which exists within the coal seam, and the stress 

within the coal saam. 

An unstimulated coa) seam has a natural system of fractures, the smaller 
and most common ones being referred to as 'cleats* or collectively as a 'cleat 
system*. To reach a weltbore. the methane must desorb from a sorption site on or 

2 5 within the coal mathx arKj diffuse to the cleat system. The methane travels along 

the deat system and other fractures present within the coat seam to the weilbore 
where ft is recovered. 

Typically, the natural system of fractures within a coal seam does not 
provide for an acceptable methane recovery rate. In general, coal seams must be 

3 0 stimulated to enhance the recovery of methane from the seams. Typically, the 

stimulation is completed phor to placing a production well on-line to a gas 
gathehng system. 

Various techniques have been developed to stimulate coal seams. One 
example of a technique for stimulating the production of methane from a coal 
3 5 seam is to complete the production weilbore with an open-hole cavity. In this 
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t»chniqu«« a wettbore is drillwj to a kx:ation above the coal saam to be stimutated. 
The wetlborB is cased and the casing is cem nted in place using a conventional 
drilling hg. A modified drilling rig is then used to drill an *open-hole' interval 
within the coal saam. An open-hole interval is an interval within the coal seam 
5 which has no casing set. 

The open-hole interval can be completed by various methods. One 
method utilizes injection/blowdown cycles to create a cavity within the open-hole 
inten/at. In this method, air is injected into the open-hole inten^al and then 
released rapidly through a surface valve. Once a suitable cavity has t>een 
1 0 created, the nruxified drfMing hg is removad from the weObore artd the production 
well is put into service. A metal liner, which has holes, may be placed in the 
open-hole interval if desired. The coal seam will be dawatered if necessary to 
Improve the desorption of methane from the coal seam. 

Generally, once a coal seam has been dewatered and a sufficient methane 

1 5 recovery rate is maintained from the production welt, very little is done to the 

production weHs or the coal seam other than to perform routine and preventative 
maintenance on the production equipment. 

As used herein, the following terms shall have the following meanings: 

(a) *coal seams' are carbonaceous formation which typically 

2 0 contain between 50 and 100 percent organic material by waight; 

(b) 'cleats' or 'deat system' is the natural system of fractures 
within a coal seam; 

(c) 'formation parting pressure' and 'parting pressure' mean 
the pressure needed to open a coal seam and propagate an induced fracture 

2 5 through the coa) seam; 

(d) 'reservoir pressure' means the pressure of a coal seam near 
a well duhng shut-in of that well; 

(e) 'recovery* means a controlled collection and/or disposition 
of a gas, such as storing the gas in a tank or distributing the gas through a 

30 pipeline. 'Recovering' specifically excludes venting the gas into the 
atmosphere; 

(f) 'sorption' refers to a process by which a gas is held by a 
carbonaceous material, such as coal, which contains micropores. The gas 
typically is held on the coal in a condensed or liquid-like phase within the 

3 5 micropores, or the gas may be chemically bound to the coal: 



SUBSTITUTE SnEET ;=^JuE23) 



wo 95/33122 



PCT/US95A)6450 



3 



(g) 'ortginal mgthane-in-place' mtans th« quantrty of methane 
sofbtd to the cartwnacaous material of the coal seam available to be drained by 
a wellbore penetrating the seam. The original methane-in-place is measured 
prior to the initial recovery of methane from the coal seam; and 
5 (h) 'pore pressure cracking- is shMr failura whteh is induced in 

weak formatton. such as coal seams, by rapUly changing ttie pressure which is 
present within the microports and the macroporas of the carbonacaous matrix of 
the coat saam. Such faikjre will usually be accompanied by an increase in 
pemrtMbility of the coai sewn. 

10 

SUMMARY OF TMP IKTVpifnOH 

« has been surprisingly discovered that the recovery rate of methane from a 
coai seam can be greatly increased by stimulating the coal seam after recovering 
a substantial percentage of the original methane-in-place. The subsuntial 

1 5 percentage of methane can be recovered by standard pressure depletion 

techniques or by injecting desort)ing fluids such as nitrogen, air. carbon dioxide, 
or flue gas into the coat seam to desorb methane from the coal seam and cause it 
to move toward a production well where it can be recovered. Methods which 
utilize injected desorbing fluids to enhance the recovery of methane from a coal 

2 0 seam are sometimes hereinafter referred to as "enhanced coatoed methane 

recovery techniques.' In the preferred embodiment of the invention, cavitation of 
the coal seam surrounding a production wellbore is carried out after a substantial 
percentage of the original methane-in-piace available to the production wellbore 
has been removed from the coal seam. 

2 5 H is believed that the removal of a substantial percentage of the original 

methane-in-place will aitow tensile and shear failure to be more readily created 
within the ooal seam. The additional failure which is created ¥wthin the coal seam 
will increase the permeability of the coal seam and increase the methane 
recovery rate from the coal team. In tests performed in the fiekl. on productton 

3 0 wells which were already producing methane at very high rates, it was 

surprisingly discovered that it is possible to recavitate a wellbore that was 
originally completed using an open-hole cavity technique, and that the 
recavitation was capable of providing an Increased methane recovery rate of 
more than three times the pre-recavitation methane recovery rate 

35 
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BRIEF DESCRIPTION OF THF HRAWlKinc; 

FIG. 1 is a graphical raprasantation of the atrassas associatad with tha 
faikira of ooal. 

FIG. 2 is a graphical raprasantation of tha atraaaas assodatad with tha 
5 tailura of ooai and tha affact that cartx)n dioxida has on tha failura of tha coal. 

FIG. 3 is a graph of tha avaraga daity total gas racovary rata from a 
wallt>ora which panetrates a coat seam which has baan racavrtatad using the 
current invention. 

FIG. 4 is a graph of the average daily total gas racove^ rate from another 
1 0 weUbora which penetrates a coal seam which has baen racavitatad using tha 

current invention. 

FIG. 5 is a graph of tha average daily total gas racovary rate from a third 
weUbore which penetrates a coal seam which has baan racavitatad using the 

current invention, 

1 5 FIG. 6 is a graph of tha average daily total gas recovery rate from a fourth 

weUbore which penetrates a coal seam which has bean racavitatad using the 
cun'ent invention. 

FIG. 7 is a graph of the average daily total gas recovery rate from a fifth 
weUt>ore which penetrates a coal seam which has baen racavitatad using tt\e 
20 current invention. 

FIG. 8 is a graph of tha average daily total gas recovery rate from a sixth 
wettbore which penetrates a coal seam which has been racavitatad using the 
current invention. 

FIG. 9 is a graph of the average daily total gas recovery rate from a seventh 

2 5 wetlbore which penetrates a coat seam which has been recavitated using the 

current invention. 

DESCRIPTION OFTHP PMBQPIMFKfTR 
It has been surprisingly discovered that the methane recovery rate from a 

3 0 production well which is in fluid communication with a ooal seam can be greatly 

incraasad by cavitating the coal seam surrounding the wellbore alter recovahng a 
substantial percentage of the original methane*! n-ptace from the coal seam. 
Preferably, from 2 to 70 percent of the original methane-in-piace available to the 
wellbore should be desorbed and recovered from the coal seam pnor to 
3 5 cavitation; more preferably, from 7 to 50 percent of the original methanenn-place; 
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most preferably, from 15 to 30 percent of the original methane-lr)-place. h has 
been further surprisingly discovered that the method is capable of greatly 
increasing the methane recovery rate from production wells that have been 
completed with open*hole cavitation techniques and that are already producing at 
5 a rate of greater than 28 thousand cubic meters of methane per day. Open-hole 
cavity completion wells which are producing greater than 26 thousand cubic 
meters of methane per day are considered very good wells which in the past 
would not be candidates for additional stimulation. 

While it is not known why removing a substantial percentage of the original 
1 0 methanesn^place available to a welibore prior to cavKating the coat seam 
surrourxling the welibore increases the methane recovery rate so dramatically, it 
is believed that it is at least in part a result of the mathx shrinlcage which results 
when methane is desorbed from the mathx. It is believed that matrix shrinicage 
will facilitate pore pressure cracking within the coal seam during the practice of 

1 5 the invention. Since coal seams are typically very heterogeneous, the shrinkage 

which occurs within the coal seam may be very uneven. The uneven shrinkage 
can exacert)ate the cracking within the coai seam. This cracking can increase the 
permeability of the coal seam and may facilitate the creation of shear and tensile 
failure within the coal seam during cavitation. 
20 Additionally, as methane is removed from the coal seam, the material 

properties of the coal, such as cohesion strength, may change. It is beieved that 
the cohesion strength of the coal is reduced as metharw is removed from the 
matnx. Furthermore, other volatiles, such as ethane and proparie. together with 
water, are typically removed from the coat together with the methane, tt is 

2 5 believed that the removal of these compounds from the coal also tends to reduce 

the cohesion strength of the coat which in turn makes the coal more friable. This 
reduction in cohesk)n strength of the coal will fadlitate the creation of tensile and 
shear faikjre within the coal seam during cavitation of the coal seam surrounding 
the welibore. As discussed eartier, tensile failure and shear failure created within 
30 a coal seam wilt increase the methane recovery rate from the welt. 

While this invention is susceptible of embodiment in many different forms, 
there wil herein be described in detail, specific embodiments of the invention. It 
shoukj be understood, however, that the present disclosure is to be conskjered 
an exempification of the principles of the invention and is not intended to limit the 

3 5 Invention to the specific embodiments illustrated. 
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Rftfnnvfll of Mflthane Fmm thft Coal Rftam 
Cool Mams ara comprised of carbonacaous matahal which includes a 
matrix having an axtensiva system of microporas. and a system of fractures, which 
5 penetrate the matrix, commonly referred to as "cleats.* The majority of the 
methane contained in a typical coal seam is sorted within the micropores of the 
coal. To remove the methane from the coal seam, several mathods may be 
utilized. 

One method useful for removing methane from a coat seam utikzes primary 
1 0 depietiofl to recover methane from the seam. In this method, as the reservoir 
pressure of the ooal saam is lowered, the partial pressure of methane within the 
cleats decreases. This causes methane to desorfo from the methane sorption 
sites and diffuse to the deats. Once within the deat system, the methane flows to 
a production well where it is recovered. The reservoir pressure continually 
1 5 decreases over time as methane is recovered from the coal seam. Also, the 
methane recovery rate tends to decrease over time as methane is recovered from 
the seam. 

As discussed earlier, the cartwnaceous matrix shrinks as methane is 
removed from the coat seam. This shrinkage will lower the stress witt\in the coal 

20 seam and if the shrinkage is uneven may cause cracking within the coal seam. 
Also, it is believed that as the stress within the coal seam is reduced, the formation 
parting pressure of the coal seam is reduced. A reduction in formation parting 
pressure will allow tensile failures to t>e propagated more easily through the coal 
seam at a bwer pressure. It is preferabie to reduce the stress within the formation 

25 by a sufficient amount to k>wer the formation parting pressure t»y at least 20 
percent prior to cavitating the coat seam; more preferably by at least 50 percent; 
and most preferably by at least 70 percent. 

FIG. 1 is a graph of the failure envelope for a typical San Juan Basin coal 
Shear stress is represented on the y-axis and effective normal stress is 

3 0 represented on the x-axis. The effective stresses are simply the stresses present 
within the coal minus the pore pressure (Pp) present within the coal. The 
cohesion strength of the coal seam can be determined from the point at which the 
lower bound of the failure envelope crosses the y-axis. The k)wer bound of the 
failure envelope is described by two lines 21 and 23. Lines 21 and 23 are used to 

3 5 describe the failure envelope due to the uncertainty in determining the tower 
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bound of th« failure env lope. Coals subfoctad to strassas which placa tham at or 
abova tha lowar bound of the fallura anvalopa ara prona to failura. Also 
displayad on FIG. 1 ara two Mohr circles 25 and 27 which graphicalty depict tha 
strassas acting on the cartx^naceous matehai of the ooal saam. The irst drcie 25 
5 depicts the stresses which act on the carbonaceous material of the coal seam 
before methane has been recovered from the ooal saam. The second circle 27 
depicts the stresses which act on the cart>onaoaous material of the coal seam 
after the reservoir pressure has been reduced by 3,578.379 Pascals (Pa). 

For Mohr circles, the right foot-point corresponds to effective overburden 
1 0 stress, Sv-Pp. The left foot-points of the Mohr drdes convsponds to effective 
minimum hori2ontal stress, SmirrPp- As methane is removed from the coal seam, 
reservoir pressure and pore pressure are decreased. Therefore, since the 
overburden stress is not changing, the right foot-point 29 of Mohr circle 27 is 
shifted to the right compared to the right foot-point 31 of Mohr circle 25. The left 

1 5 foot-point 33 of Mohr ctrde 27 is beKeved to be shifted to the left compared to the 

left foot-point 35 of Mohr circle 25 t>ecause the minimum horizontal stress is 
reduced by the matrix shrinkage wfuch occurs within the carbonaceous material 
as methane is deserted from the matrix, and because for most coals the affective 
minimum horizontal stress wilt t)e reduced more by the shrinkage than It is 
20 increased by the decrease in pore pressure, as methane is desorbed from the 
matrix. As can be seen from FIG. 1 , as methane is desort>ed and pore pressure is 
reduced, a Mohr ctrcle which represents the stresses acting on the coal moves 
ctoser to the failure envetope of the ooal. This is represented on FIG. 1 by Mohr 
ctrcle 27 being shifted up toward the failure envetope 21 as compared to Mohr 

2 5 circle 25. Failure is likely to occur once the Mohr circle touches or intersects tt>e 

faikjre envetope. Even if the Mohr circle is close to the failure envelope but 
doesnl touch or intersect the failure envelope, the additional rapid change in 
pressure which occurs within the coal seam during cavitation and the stresses this 
change creates can cause failure within the coal seam. 
30 The effective minimum horizontal stress can be approximated from the 

wellt>ore pressure measured at shut-in of the weltbore during fracturing of the 
coal. The approximation becomes more accurate as the fracture produced 
becomes smaller. Therefore, minifrac tests, which are known to one of ordinary 
skill in the art, are believed to be accurate predictors of effective minimum 

3 5 horizontal stress. 
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As discussed above, when a Mohr drde plotted for a given coal touches or 
crosses the failure envelope, rt means that the corxlitions are such that the coal is 
prone to failure, in accordance with the current invention, after a substantial 
percentage of the methane has been removed from the coal seam, a cavitation 
5 process is used to rapidly change the pressure and exacerbate the failure within 
the coal surrounding the weHbore to create failure within the coal seam. 

The relative amount of carbon dioxide sorbed to a coai matrix is beieved to 
effect the amount of failure which occurs within a coal seam duhng the practioe of 
the current irtvention. It is t>etieved the greater the matrix shrinkage which occurs 
10 for a given resen^r pressure reduction and thereby pore pressure reduction, the 
higher the chartce of failure occurring within the coal seam during the pradioe of 
the invention. Coal which contains carbon dioxide sorted to the matrix wiU exfiibit 
greater matrix shrinkage during the removal of gases from the coal than coal 
which does not contain carbon dioxide. 

1 5 Turning now to FIG. 2, the lower edge of the failure envetope is bounded by 

lines 37 and 38. Lines 37 and 38 are plotted due to the uncertainty of determining 
the k)wer edge of the failure envetope. As discussed earlier, coals wtiich are 
subjected to stresses which place them at or above the tower bound of the faikjre 
envek>pe are prone to failure. Mohr circle 39 graphically depicts the stresses 

2 0 acting on a coal which contains a known quamity of original gas-in^place arid a 

known iriitial pressure. Mohr circie 40 graphically depicts the stresses which will 
result wtthtn the coal If 100 percent by volume methane is withdrawn from the coal 
to reduce the pressure by 1,034.214 Pa. Mohr drde 41 graphically depicts the 
stresses which wiM result within the coal if an effluem is withdrawn from the coal 
25 which contains 90 percent by volume methane and 10 percent by volume cart>on 
dioxide to reduce the pressure acting on the coal by 1.034.214 Pa. As can be 
seen from FIG. 2. for a given reduction in pore pressure, a coal seam which 
contains carbon dioxkte and methane wilt be more prone to failure by pore 
pressure cracking than a coal seam which experiences a similar pore pressure 

3 0 reduction but whk:h contains less carbon dioxide sort>ed to the matrix. Therefore. 

when choosing wellbores to cavitate using the current invention, it is preferable to 
choose wells which are producing an effluent which comains greater than five 
percem tyy volume carbon dioxide; more preferably, greater than nine percent by 
volume carbon dioxide, most preferably greater than ten percent by volume 
3 5 cart>on dioxide. This preference tor wells that produce an effluent containing 
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carton d»oxid« Is appticabt« to weltboras that ara being producad using primary 
dapMon tachniquas and anhancad coalbad mathana racovary tachniquas which 
utiiiza inart gasas such as nitrogan. 

Tha parcantaga of original mathana-in-placa which ramains within a ooaf 
5 saam is ralatad to tha iaotharm lor tha coal and ths changa in rasarvoir prassura 
which has occunad sinoa mathana racovary was Initiatad. K has baan found that 
bafora a wall is stimulated in accordance with the invention, the reservoir 
pressure near tha welt ahould be preferably reduced to from 20 to 60 percent of 
the initial reservoir pressure wtiich existed prior to methane being recovered from 

1 0 the coal saam; more preferably, from 30 to 75 percent of the initial reaervoir 
pressure; and most preferably, from 36 to 59 percent of the initial reaervoir 
pressure. This reduction in pressure and the associated recovery of methane 
from the coal seam will facilitate failure within the coal saam during cavitation of 
the coal saam surrounding the welbore. 

1 5 As discussed earier. it is fc>elieved that the cohesion strength of the coal 

seam may be reduced by the removal of methane from the coal seam. This 
reduction in cohesion strength as it occurs, will result in the failure envelope 
moving toward to the Mohr drde, thereby making the carbonaceous material 
more prone to failure during the practice of the invention. 

20 A discussion of a method which may t>e utilized to determine a failure 

envelope for coal is contained in "Experimental Observations of i^ydraulic 
Fracture Propagation Through Coal Blocks*. SPE 21289. by H. H. Abass at al., a 
paper presented at the Society of Petroleum Engineers Eastern Regional 
Meeting. Columbus. Ohio. October 31 through November 2, 1990. 

25 It has been determined that the current invention is most effective when 

utilized on wells which have been producing greater than 2.8 thousand standard 
cubic meters of methane per day (MCMD) in the months prior to cavitation in 
accordance with the invention; preferably, greater than 14.2 MCMD; more 
preferably, greater than 28 thousand standard cubic meters of methane per day; 

3 0 and most preferably, greater than 56.6 MCMD. 

Another method wtiich can be useful for desorbing methane from a coal 
seam utilizes the injection of a desorbing fluid, such as nitrogen, into a solid 
cart>onacaous sutnerranean formation to enhance the recovery of methane from 
the formation. Such a method is descrit>ed In U. S. Patent Number 5.014.785 to 

3 5 Pun, et al. 
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Th$ in)«ction of a desorbing fluid into th« coal Mam wiH lowor tha partial 
prassun of mathana within tha ciaats of tha coal aaam and tharaby causa 
mathana to ba dasort>ad from tha coal aaam. Tha dasort>ad mathana wiN traval to 
a production waH whara h can t)a racovarad. Studias hava shown that ona 
5 nitrogan moiacuia can sorb to tha matrix for about avary 2 to 2.5 mathana 
molaculas that desorb from the matrix. Tharefore. tha coal matrix will shrink as 
nitrogan displacas mathana from tha coal. It is baliavad a dasortxng fluid, which 
contains components which will tand to swalt tha mathx, will atlN causa tha nnatrix 
to shrink overall if the percentage of components that swell tha matrix is not too 
1 0 large. 

It is baMevad that the shhnkaga that occurs, as a raaui of ntt r ogan IniaGtlon. 
will fadiitate the faikjre of the coal for reasons which are similar to those isted 
above for the recovery of methane by primary pressure daplatk>n. AddibonaNy, it 
is believed that methane recovery by the injection of desorbing flukj may change 

1 5 the material properties of the coal more than mathana necovery by phmary 

pressure depletk>n. This may result because of the drying of the coal which can 
result from the injection of desort)ing ftukl into the coal seam. Specifically, it is 
believed that the cohesion strength of the coal will ba raducad. Tha tower 
cohesion strength which rasults. should make the coal mora prone to faJlura 

2 0 duhng the practice of the current invention. 

As with phmary depletion, a substantial percentage of the onginat 
metharte-in-place shoukl be recovered from the coat seam phor to cavitating the 
coal seam sunxHjnding the wellbore. Preferably, batween 2 to 70 percent of the 
ohginal methane*in-plac6 available to the wellt>ore should be desorbad and 
25 removed from the coal seam sun^unding the wellbore; more preferat>ly. between 
30 to 70 percent of the origtnai methane in place; most preferably, between 30 to 
50 percent. 

By recovering a larger paroantage of the ohginal methane-in*placa than 
was recovered using phmary depletion, the benefits of the nitrogen injection and 
30 the increased recovery rate which rasults from the stimulation of the coal seam 
have been fully utilized. 

A third method which can be useful for desorbing methane from a coal 
seam utilizes the injection of a desorbing fluid, which contains at least fifty percent 
by vokjme carbon dioxide, into the coal seam. 
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H is b«i«v9d that coal Mams which havs undarg na anhancad racovary 
using cart)on dioxida containing fluids ara also Ikaly to hava had thair matariai 
propartias aliarad. Spadfically, it U balavad that tha cohaaton strangth of tha 
coal nriay ba maikadly raducad. This raductlon in tha oohasion strangth will maka 
5 it aasiar to craata tansila and shaar failura within a ooal aaam during tha practica 
of tha currant invantion as alraady discussad abova. Also, fluids which contain 
carbon dioxida tand to causa carbonacaous matarials. such as coal, to swall as 
mathana is dasorbad from tha matrix arKj cartwn dioxida is sorbad to tha matrix. 
This swalbng may ba unavan and tharafora may causa cracking within tha coal. 
10 As with anhancad racovary using nitrogan, whan cart>on cSoxida 

containing flukls ara utilizad to raoovar mathana. it is prafarabia to racovar from 2 
to 70 parcant of tha original methanann-placa availabia to tha walbora prior to 
cavitating tha coal saam surrounding tha waltbora in accordanca with tha cunant 
invantion: mora prafarably. from 30 to 70 parcant of tha original mathane-in- 

1 5 ptaca; most preferably, from 30 to 50 parcant of tha original mathana-*n-piaca. 

Since cartwn dioxkla causes the carbonaceous matrix of coal to swell, it is 
preferable to desorb some of the carbon dtoxide from the ooal prior to cavitating 
the coal seam surrounding the weMbore. This can be effectively done by relieving 
the pressure within the coal seam through the wellbore. It is believed that the 

2 0 pressure, preferably, shouW be relieved at a rate essentiaHy equivalent to the 

maximum flow rate permitted by the wellbore ar>d wellbore equipment. It should 
be noted that the wellbore and wellbore equipment utilized to carry out the 
invention may provide a higher fluid flow rate than that achievable when the 
wellbore is configured to send gas to commercial sales. By desorbrng some of 

2 5 the cartx)n dioxide from the coal surrounding the wellbore. the amount of swelling 

caused by the carbon dioxide can be reduced. It is befieved that this will assist in 
creating failure within the coal seam during the practice of the invention. 
Additionally, uneven shrinkage is believed to occur within the carbonaceous 
matrix of the coal seam as carbon dioxide is desorbed from the matrix. This 

3 0 uneven shrinking may cause cracking within the matrix which will make it easier 

to create tensile and shaar failure within the coal saam during the cavitation of the 
coat saam sun^unding the welltwre. 
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Thg Wellbpre and CavitatiQn of thft C^n\ f^Mm Surmurvino th# WftHhnni 
in OM upect of th« invention, th« wtllborv which 1$ cavitSMd after a 
substantial paroantaga of tha ohginai methana-in-pkaca has baan racovarad. Is 
tha sama waUbora which was ohginaJfy complatad into tha mathana produdng 
5 ooai intanral. *Sama wailbora* maans that tha walbora has not baan sWatrackad 
or radrlUad at a nearby location. Tha cost aftectivanass of tha invention is graat)y 
enhanced by using the same wellbore. H is also beieved that in ntost 
arcumstancas, the highest methane recovery rate can t>e achieved bf using the 
same wellbore. 

1 0 In another aspect of the invention, the wellbore which is csvttatad Mim a 

substantial percentage of the ohginai methane is recovered from the coal aaam 
may be a sidetracked weUbore or may be a newty drilled wei which is doaely 
located to the original wellbore. This may be done when It is impracticable to use 
the original weUtx>re. For example. If the formation directly adjacent to the ohginai 

1 5 wellbore was greatly damaged by the ohginai completion technique used, it 

would be preferable to sidetrack to create a new wellbore in the region of the coal 
seam or to drill a new well. Evan if a new well or a sidetracked wellbore is 
utilized, it is believed that the wellbore should be located ctose enough to the 
ohgir\al welttx>re so that a substantial percentage of the ohginai methane-in-place 

2 0 will have been recovered from the region of the coal seam whk:h is to be drained 

by the new weltt)ore. 

The cavitation may be acoompitshad by a variety of methods. For example, 
the cavitation can be effected by introducing a gaseous ftukt such as air. nitrogen, 
flue gas« or carton dioxide into the coal seam in a series of injection^lowdown 
25 cycles whk:h will tend to destatMlize the coal seam and cause carbonaceous 
material to be released into the wellbore during blowdown. Ad(fitional shear 
failure will occur within the coal seam during blowdown. The failure will usually 
result in increased permeability within the formation adjacent the wellbore. The 
increase in permeability is believed to be greatest next to the wellt>ore and will 

3 0 taper off as one gets farther away from the wellbore. In an attemative method for 

cavitating the coal seam surrounding the wellbore. the wellt>ore is shut-tn to allow 
the pressure within the wellt>ore to build-up. Once the wellbore pressure has 
reached a desired level, the welltx)re is allowed to blowdown to the surface with 
minimal restrictwn. The differential pressure which is created during this type of 
3 5 blowdown will also cause shear failure within the coal seam. In general both 
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injection^towbown cyci«$ and wttlbora shut-ins ars utilizad in a typical cavitation 
procadurt utittzad by tte currant invanttion. 

In arurthar mathod which can ba utilizad to cavttata tha coal saam, a first 
fkid, which sort» to tha coal, is introduced into tha coai saam and attowad to sort 
5 to tha coal prior to a sacond fluid baing introducad into tha coal saam. Tha 
sacond fluid is introducad into the coal saam at a prassura graatar than the 
formation parting pressure of the coal seam. After the saoond fluid is introducad 
into tha coal saam. the pressure within the coal saam is reiiavad to create shear 
failure within the coal saam. This procedure can be utilized to cavttata the coal 
1 0 saam surrounding wettbore intervals completed with casad-hole techruquas and 
open-hole techniques. 

When utilizing injection/blowdown cycles to cavitate a coal seam 
surrounding the wellbore, the fluid is typically injected for about 2 to 3 hours. As 
fluid is injected, the pressure within the formation Increases rapidly and then 

1 5 begins to level off. It is believed that the leveling off of the pressure duhng 

injection occurs as the fonnation parting pressure is reached. It is believed that 
tensile failure is created within the coal seam as injection is continued at or above 
the formation parting pressure. K is believed that the formation parting pressure 
will be approximately 689,476 to 1,378.951 Pa above the effective minimum 

2 0 horizontal stress present within the formation. Therefore, as methane is desort>ed 

from the coal seam and minimum stress is reduced, the formation parting 
pressure will decrease. It is believed that the minimum stress can be further 
reduced t>y failure which is induced within the coal seam by each cavitation cycle. 
A reduced formation parting pressure can be advantageous because less 

2 5 compression is required to cavitate the coal seam. This reduced compression 

requirement should tower the costs associated with cavitating the coal seam 
surrounding the wellt)ore. 

As discussed earlier the wellbore is rapidly blown down to reduce the 
pressure within the coal seam surrounding the wellbore once the desired quantity 
30 of fluid has been injected into the formation. It is believed that shear failure is 
created during this blowdown. In order to maximize the shear failure which Is 
created within the coal seam, the pressure is relieved at a rate essentially 
eQuivalent to the maximum flow-rate permitted by the wellbore and weltbore 
control equipment. If desired, the weltbore and weltbore control equipment 

3 5 utilized duhng cavitation can be modified to increase the rate of pressure 
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r»ducton which can b« oMain«d during bftowdown. Typically, tht prtssure within 
th« OMI Mam surrounding tha waltbors will ba raducad to approximataly tha 
rasarvoir prassura in toss than ona minuts. During this tima, tha prassura within 
tha bottom of tha wsUbora will ba raducad to approximataly atmosphahc prassura 
5 plus tha hydrostatic prassura within tha wallbora which rasutts from tha column ot 
gas within tha wallbora. Coal finas, watar. and mathana ars ganarmlty producad 
during tha blowdown. Tha bk)wdown is typically continuad until coal finas ara no 
longer producad. Ths coal finas may continua to be producad for batwaan 
savaral minutas to savaral days. 

1 0 Pariodically, a flow tast which lasts approximately 2 hours should ba 

parformad. During tha cavitation procadura. tha mathana ftow rata will ganarally 
continus to risa as cavitation is occurring. Tha flow rata, however, may vary up or 
down between subsequent cycles. Because of the variance in the methane flow 
rate which may occur batwaan subsequent cycles, a stable methane flow rate is 

1 5 preferably determined by comparing the methane flow rates from at least three 
consecutive cydes. 

The cavitation is generally continuad until a stable cavity is attained. When 
a stable cavity is attained, coal fines should no longer be producad during the 
biowdowns or during dean out of tha welltx)re or the amount of fines producad 

20 should be rapidly decreasing with subsequent biowdowns. A clean-out of the 
wellt>ore can be accompKshad by ctrculattng fluid through the wellbore. If 
required, a drillbrt can also be rotated within the wellbore to aid in the dean out of 
the wellbore. In addition to attaining a stable cavity, it is also preferable that the 
methane flow rate be statMlized before ceasing to cavitate the coal seam. As 

25 discussed above, a stable methane flow rate should be determined from 
measuring the flow rate from three consecutive cavitation cydes. Preferably, the 
methane flow rate from three consecutive flow tests should dtffer no more than 5- 
10 percent from the highest rate to the lowest rate obtained from the three 
consecutive tests: more preferably, no more than 1-5 percent; most preferably, no 

3 0 more than 2 percent. 

Modifications to wellbore and wellbore control equipment which can be 
utilized to cavitate the coal seam surrounding a wellbore ara more fully described 
in SPE 24906. 'Openhole Cavity Completions in Coalbed Methane Wells in the 
San Juan Basin*, by I. D. Palmer et. al. a paper preserrted at the 67th Annual 
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Tachnicti Conf«r«nc8 and Exhibition of the Sodaty of Petroleum Engin ers held 
in Washington, DC Octot)er 4-7, 1992. 

Once the cavitaiion procedure is completed, the well can be realigned so 
that the methane produced can be recovered. Typically, the methane recovered 
5 from the well will be sent to a pipeline. 

gxample 1 

This exampie shows that it is possible to more than triple the methane 
recovery rate from a wellbore using the current invention. 
1 0 Referring to FIG. 3. a weRbore was drilled into the fruitiand formation coals 

of the San Juan Basin of New Mexico. The weUbore was initially completed using 
an open-hole cavity completion technique. The initial resen/oir pressure near the 
wellbore. before methane was recovered from the wellbore. was approximately 
11.031.611 Pa. During the initial completion, the water production rate was 

1 5 approximately 2000 barrels per day. The high water production rate limited the 

amount of cavitation which could be performed on the well. Once the wellbore 
was completed, it was aligned to recover methane from the formation by primary 
pressure depletion through 6.05 centimeters (cm) diameter tubing. For 
approximately three years, methane was recovered from the welbore by primary 

2 0 pressure depletion. During the three year period, approximately 10 percent of the 

original methane-in-place was recovered from the wellt>ore. After the three year 
period, the welltwre was taken off tine and recavrtated. During the recavrtation. 
the water production rate had decreased substantially, indicating that the coal 
seam surrounding the wellbore had been significantly dewatered. During the 

2 5 recavitation, the reservoir pressure was estimated to be about 6,694,757 Pa. The 

recavrtation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellbore was realigned to recover methane from the formation 
by primary pressure depletion through 1 1.43 cm diameter tubing. 

FIG. 3 is a graphical representation of the total gas recovery rate from the 
30 wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 90 percent by volume 
metfiane and approximately 10 percent by volume carbon dioxide both t>efore 
and alter the recavitation. For months 1 and 2 shown, the average daily total gas 

3 5 recovery-rate was approximately 127 thousand standard cubic meters per day. 
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Tht w«llbor9 was taken off-Una on about tha 17th day of month thraa and 
tharalort tha avarags daily total gas recovary rata as dapictad for month thraa is 
raducad. Tha waUbora was realigned to sand gas to tha pipaUna on about the 
15th day of month four. 
5 As can be seen from FIQ. 3. by month eight the average daily total gas 

recovery rate was approximately 495.5 thousand 8tar)daid cubic meters per day. 

Example 2 

Referring to FIG. 4. a wellbore was drilled Into the fruittarKj formation ooals 

1 0 of the San Juan Basin of New Mexico. The wellbore was inWaNy completed using 

a cased-hole technique. An initial gas-fiow rate test to the atmosphere, which 
produced less than one percent of the original methane-in*place. was 
unsatisfactory. A decision was made to sidetrack the original welt>ore and to 
create an open-hole cavity within the formation before the wellbore was put on- 
15 line to sales. The new wellbore was also skletracked Into the fnjltland formation 
coals of the San Juan Basin of New Mexico. The sidetracked wellbore was 
completed using an open-hole cavity completion technique. The initial reservoir 
pressure near the sktetracked wellbore was approximately 7.928,970 Pa During 
the initial cavity completion, the completion rig was removed from the wellbore 

2 0 without determining whether a stable cavity was attained. 

Once the sidetracked weHbore was completed, it was aligned to recover 
methane from the formation by primary pressure depletion through 6.05 cm 
diameter tubing. For approximately two years, methane was recovered from the 
wellbore by primary pressure depletion. During the two year period, 

2 5 approximately 12 percent of the original methane-in-ptace was recovered from 

the wellbore. After the two year period, the wellbore was taken off tine and 
recavltated. During the recavitation. the reservoir pressure was estimated to be 
about 4,798.751 Pa. The recavitation was continued until a stable cavity was 
attained. Once a stable cavity was attained, the wellbore was realigned to 

3 0 recover methane from the formation by primary pressure depletion through 8.9 cm 

diameter tubing. 

RG. 4 is a graphical representation of the total gas recovery rate from the 
wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
3 5 recovered from the wellbore contained approximately 91.5 percent by volume 
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m«tnan« and approximat9ly 9.5 percent by volume carbon dnxkte both before 
and after the recayttation. For months 1 and 2 shown, the average daily total gas 
reoovery-rate was approximately 57 thousand standard cubic meters per day. 
The weUbore was taken off-tine on about the 26th day of month three and 
5 therefore the average daily total gas recovery rate as depicted for month ttiree Is 
reduced. The weUbore was realigned to send gas to the pipeine on atwut the 
25th day of the month four. 

As can be seen from FIG. 4. by month eight, the average daity total gas 
recovery rate was approximately 1 13 thousand standard cubic meters per day. 

10 

Examotea 

Referrtng to FIG. 5, a weUbore was drfied into the fruWand formation coals 
of the San Juan Basin of New Mexico. The weUbore was inKalty completed using 
an open-hole cavity completion technique. The initiat reservoir pressure near the 

1 5 wellbort, before methane was recovered from the wellbore. was approximately 

7.170,547 Pa. During the initial cavity completion, the completion rig was 
removed from the wellbore without determining whether a stable cavity was 
attained. 

Once the weUbore was completed, the welbore was aligned to recover 
20 methane from the formation by phmary pressure depletion through 6.05 cm 
(fiameter tubing. For approximately two years, methane was recovered from the 
wellbore by primary pressure depletion. During the two year period, 
approximately 2 percent of the original methane*! n*place was recovered from the 
wellbore. After the two year period, the wellbore was taken off line and 

2 5 recavttated. During the recavitation, the reservoir pressure was estimated to be 

about 5,240,015 Pa. The recavttation was continued until a stable cavity was 
attained. Once a stable cavity was attained, the wellbore was realigned to 
recover methane from the formation by primary pressure depletion through 
7.32 cm diameter tubing. 

3 0 FIG. 5 is a graphical representation of the total gas recovery rate from the 

wellbore. The average daily total gas recovery rate is depicted for the calender 
months precedng and following the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 91 percent by volume 
methane and approximately 9 percent by volume carbon dioxide both before and 
3 5 after the recavitation. For months 1 and 2 shown, the average daily total gas 
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r»covtry-r«t« wu appro»m«t«»y 14^ to 17 thousand standard cubic meters per 
day. The wellbore was taken off-lin on about the 23th day of month three and 
therefore the average daily total gas recover rate as depicted for month three is 
reduced. The wellbors was realigned to send gas to the pipeine on about the 
5 29th day of the month lour. 

As can be seen from FIG. 5,. by month ten. the average daily total gas 
recovery rate was approximaiely 34 thousand standard cubic meters per day. 

EfflfnPlfl 4 

1 0 Referring to FIG. 6, a wellbore was drilled Into the fnjitiand formation ooals 

of the San Juan Basin of New Mexico. The wellbore was initiatly completed using 
an open-hole cavity completion technique. Ones the wettbors was completed. It 
was aigned to recover methane from the formation by primary pressure depletion. 
The wellbore was taken off line and recavitated after approximately 4 percent of 

1 5 the original methane*in-place had been recovered from the welbore. The 

recavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellbors was realigned to recover methane from the formation 
by primary prsssure depletion. 

FIG. 6 is a graphical representatwn of the total gas recovery rate from the 

2 0 wellbors. The average daily total gas recovery rate is depicted for the calender 

months preceding and foUowing the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 91.4 percent by vokime 
methane and approximately 8.6 percent by volume carbon dioxMe both before 
and after the recavitatk)n. For months 1 to 3 shown, the average dally total gas 
2 5 recovery-rate was approximately 79.3 thousand standard cubic meters per day. 
The wellbore was taken off-line on about the 8th day of month four and therefore 
the average daily total gas recovery rate as depicted for month four is reduced. 
The welft>ore was realigned to send gas to the ptpefine on about the 1 1th day of 
month five. 

30 As can be seen from FIG. 6. by month eleven, the average daily total gas 

recovery rate was approximately 169.9 thousand standard cubic meters per day. 
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Fxamnlft fi 

Ratorring to FIG. 7. • weRbore was drilled into the fruitland formation coeis 
of the San Juan Basin of New Mexico. The weltoore wus initially completed using 
an open-hole cavity completion technique. Once the wettbore was completed, it 
5 was aligned to recover methane from the formation by primary pressure depletion. 
The weRbore was taken off Kr>e and recavitated alter approximately 19 percent of 
the original methane-in-place had been recovered from the wellt>ore. The 
recavttation was continued until a stable cavity was attained. Ooob a stable cavity 
was attained, the wellbore was realigned to recover methane from the formation 

1 0 by primary pressure depletion. 

FIG. 7 is a graphical representation of the total gas recovery rate from the 
wettbore. The average daily totaf gas recovery rate is depicted tor the calender 
months preceding and following the recavttation of the wellbore. The gas 
recovered from the wellbore contained approximately 90.4 percent by volume 

1 5 methane and approximately 9.6 percent by volume carbon dioxide both before 
and after the recavttation. For months 1 and 2 shown, the average daily total gas 
recovery-rate was approximately 70.8 thousand standard cubic meters per day. 
The wellbore was taken off-line on about the 24th day of month three and 
therefore the average daily total gas recovery rate as depicted for month three is 

20 reduced. The wellbore was realigned to send gas to the pipeline on at>out the 
11th day of month four 

As can be seen from FIG. 7. by month ten. the average daily total gas 
recovery rate was approximately 101.9 thousand standard cubic meters per day. 

25 Example 6 

Refening to FIG. 8. a wetttx>re was drilled into the fruitland formation coats 
of the San Juan Basin of New Mexico. The wellbore was initially completed using 
an open-hole cavity completion technique. Once the wedbore was completed, it 
was aligned to recover methane from the formation by primary pressure depletion. 
30 The wettbore was taken off ttne and recavitated after approximately 5 percent of 
the original methane-in-place had been recovered from the wellbore. The 
recavitation was continued until a stat>le cavity was attained. Once a stable cavity 
was attained, the wellbore was realigned to recover methane from the fomnation 
by phmary pressure depletion. 
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FIG. 6 is a graphicaJ r»prM«ntatk>n of th« total gas r»cov«ry rata from the 
wallbora. Tha avarag daity total gas racovary rata Is dapictad for tha calandar 
months pracadir>g and following tha racavitation of tha waUtX)ra. Tha gas 
racovarad from tha waUt>ora containad approxlmataly 91 .7 parcant by voluma 
5 mathana and approscimataly 8.3 parcant by voluma carbon dioxida both bafora 
and aftar tha racavitation. For months 1 to 3 shown, tha avaraga daily total gas 
raoovary-rata was approximataly 116 thousand standard cubic metars par day. 
Tha wallbora was takan off-Una on about tha 12th day of month four and tharafore 
the average daily total gas recovery rate as deputed for month four is reduced. 
1 0 The wetlbore was raaiigned to send gas to the pipeline on about the 12th day of 
the fifth nrtonth. 

As can be seen from F1G.8. by month eight the average daily total gas 
recovery rate was approximately 339.8 thousarKl starulard cubic meters per day. 

15 Example 7 

Referhng to FIG. 9. a wetlbore was drilled into the fadtiand formation coals 
of the San Juan Basin of New Mexico. The wetlbore was initially completed using 
an open-hole cavity completion technique. Once the weUt>ore was completed, it 
was aigned to recover metharie from the formation by primary pressure depletion. 

20 The wetlbore was taken off line and racavltated after approximately 30 percent of 
the onginal methane-in-place had been recovered from the wellbore. The 
racavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellt>ore was raaiigned to recover methane from the formation 
by pnmary pressure depletion. 

25 FIG. 9 is a graphical representation of the total gas recovery rate from the 

wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellt>ore. The gas 
recovered from the wellbore contained approximately 67.7 percent by volume 
methane and approximately 12.3 percent by volume cart)on dioxide both before 

3 0 and after the recavrtatton. For months 1 and 2 shown, the average daily total gas 
recovery-rate was approximately 175.6 thousand standard cubic meters per day. 
The wellbore was taken off-line on at>out the 12th day of month three and 
therefore the average daily total gas recovery rate as depicted for month three is 
reduced. The wetlbore was realigned to send gas to the pipeline on about the 8th 

3 5 day of month four. 
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As can b« SMn from FIG. 9, by month six* th« av raga daily total gas 
raoovtry rata was approximat ly 339.8 thousand standard cubic rnatars par day. 

From tha foragoing dascription* it will ba obaarvad that numarous 
vahations. attamativas and modifications will ba apparant to thoss skilkad in tha 
5 art. Accordingly, this deschption is to ba construad as lliustrativa only and is tor 
ths purposa of tsaching thosa skiUad in tha art tha mannar of carrying out the 
invantion. Various changes may be made and materials may be substituted tor 
those deicribed in the application. For example* K is baiaved that the conditions, 
parameters, and techniques described in the application can be utiUxed to 
1 0 Incraaae the methar>e recovery rate from other soM cartwnacaous subterrar)aan 
formations, such as anthum, carbonaceous, and davoruan shales. Also, it is 
believed that the effectiveness of other stimulation techniques, such as fracture 
stimutation. can be enhanced by establishing the conditions and parameters 
discussed in this application phor to fracture stimulating a sold carbonaceous 
1 5 subterranean tormation, such as a coal seam. 

Thus, it will be appreciated that various modifications, alternatives, 
variations, etc., may be made without departing from the spirit and scope of the 
invention as defined in the appended claims, tt is. of course, intended that ail 
such modifications are covered by the appended claims. 
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WECUUM: 

1 . A m«thod for incraasing the methane recovery rate from production 
well which penetrates a coal seam, the method comphsing the steps of: 

a) recovering from about 2 to 70 percent of the ohginaJ methane- 
5 In-ptace from the coal seam; and thereafter 

b) cavttating the coal seam surrounding a welUx>re of the 
production well. 

2. The method of Ctaim 1 . wherein from about 7 to 50 percent of the 
original methane-ln-place is recovered in step a). 

10 3. The method of Claim 1 . wherein from about 15 to 30 percent of the 

original methane^n-place is recovered in step a). 

4. The method of Claim 1 . wherein the recovery of methane from the 
coal seam is facilitated by the injection of a fluid containing nitrogen into the coal 
seam. 

1 5 5. The method of Claim 4. wherein from about 30 to 50 percent of the 

original methane-in-place is recovered in step a). 

6. The method of Claim 1 . wherein the step of cavitating the coai seam 
sunx>unding the weltbore comprises: 

ba) introducing a fluid into the coal seam at a pressure above the 

2 0 reservoir pressure of the coal seam; 

bb) relieving the pressure within the coal seam to produce shear 
failure within the coal seam; and 

be) repeating steps ba) and bb). 

7. The method of Claim 6, wherein steps ba) and bb) are repeated until 

2 5 a stable cavity is attained. 

6. The method of Claim 6, further comprising: 

bd) measuring a methane flow*rate through the wetlbore 
subsequent to relieving the pressure of step bb); and 

be) ceasing to repeat steps ba) and bb) when the rate of change 

3 0 of the methane flow-rate through the wellbore measured in step bd) from 

three consecutive flow tests differ no more than 5-10 percent from the 
highest rate to the lowest rate from the three consecutive cycles. 
9. The method of Claim 6, wherein the fluid introduced in step t>a) is 
introduced into the coat seam at a pressure above the parting pressure of the coat 
3 5 seam. 
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10. Th« iMthod of Claim 1 . wh«r«in sttp b) comphMs: 

ba) shutting in th« w^Hbort to cauM th« prMsurt within th« coal 
saam ftunounding tha waUbora to incraasa; and tharaaftar 

bb) raiiaving tha prassura within tha coal aaam through tha 
5 walibora at a rata assantialty aqurvalant to a maximum fiow rata parmittad 

by tha walibora and walibora aquipmant 

1 1 . Tha mathod of Claim 1 . wharain tha watlbora of stap b) is craatad by 
sftdatracking tha original walibora usad to racovar mathana in stap a). 

12. A mathod for racovahng mathana from a coal aaam, tha mathod 
1 0 comprising tha staps of: 

a) craating a walibora which compriaas an opan-hola cavity 
within tha coal saam; 

b) raoovaring mathana through tha waNbora at an avaraga daily 
racovery rata of at laast 14.2 thousand standard cubic matars of mathana 

1 5 per day; tharaaftar 

c) cavitating tha coal saam 6um>unding tha %ratlbore; and 

d) racovaring mathana through tha walbora at at laast 1 .5 times 
the methane recovery rate of step b). 

13. The method of Claim 12, wherein ttw methane is recovered in step 
20 d) at at least 3 times the methane recovery rate of step b) 

14. The method of Claim 12, wherein the average daily methane 
recovery rate of step b) is at least 28.3 thousand standard cubic meters per day. 

15. The method of Claim 14, further comprising recovering from atx)ut 7 
to 50 percent of the original methane-tn-place prior to step c). 

25 16. The method of Claim 14, further comprising recovering from about 

15 to 30 percent of the original methane*in-place prior to step c). 

17. The method of Claim 12, wherein the average daily methane 
recovery rate of step b) is at least 2B.3 thousand standard cubic meters per day 
and the methane recovery rate of step d) is at least 3 times the methane recovery 

30 rate of step b). 

18. The method of Claim 12. further comprising recovering from about 2 
to 70 percent of the original methane*in-place prior to performing step c). 

19. The method of Claim 12. wherein step c) comprises: 

ca) introducing a fluid into the coal seam at a pressure above the 
3 5 reservoir pressure of the coal seam; 
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cb) rttoving the pressure wrthin the coal seam to produce shear 
(alture within the coal seam; and 

oc) repeating steps ca) and cb). 

20. The method of CUim 19. wherein the steps ca) and cb) are repeated 
5 until a stable cavity is attained. 

21 . A method for increasing the methane recovery rate from a weltbore 
which penetrates a coal seam, the method comprising the steps of: 

a) recovering a sufficient quantity of an effluent, comaining 
methane, through the wetlbore to reduce the reservoir pressure within the 

1 0 coal seam near the wellbore to about 30 to 75 percem of the initial 

reservoir pressure; and thereafter 

b) cavitating the coal seam surrounding the weHbore. 

22. The method of Claim 21 . wherein the effluent recovered in step a) 
contains at least about 5 volume percem carton dioxide. 

1 5 23. The method of Claim 21. wherein the effluem recovered in step a) 

contains at least about 10 volume percent cart>on dioxide. 

24. The method of Claim 22. further comphsing: 

c) measuring a methane flow-rate through the weltt>ore between 
selected individual cavitation cycles; 

20 d) repeating step c); arid 

e) ceasing to cavitate the coal seam surrounding the wellbore 
when the rate of change of the methane flow-rate through the wellbore 
measured in step c) from three consecutive flow tests differ no more than 5- 
10 percent from the highest rate to the lowest rate from the three 

2 5 consecutive cycles. 

25. The method of Claim 21 . further comphsing: 

c) measuring a methane flow-rate through the wetlbore between 
selected individual cavitation cycles; 

d) repeating step c); and 

3 0 e) ceasing to cavitate the coal seam sun^ounding the wellbore 

when a stable cavity is attained and when the rate of change of the 
niethane ftow*rate through the wellbore measured in step c) from three 
consecutive flow tests differ no more than 5*10 percent from the highest 
rate to the lowest rate from the three consecutive cydes. 
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